Effects of pepper crop residues as amendment and their optimal application rates on an agricultural soil have been sparsely studied. A comparative study of the development of a broccoli crop has been conducted using chemical fertilizers (CF) and fresh pepper crop residues (CR) at different application rates during two crop cycles. We measured soil chemical and biochemical properties and broccoli yield, quality parameters and nutritional status. We found that CR at highest application rate increased total N (Nt), potentially mineralizable N (Nmin), microbial biomass N, Nmin/Nt, Nmin/Nsol and urease and alkaline phosphatase activities compared to CF treatment and control (CT). The maximum broccoli yields were obtained in CF3 (383 kg N ha -1 applied as CF) and all CR application rates, especially CR3 (383 kg N ha -1 ); this corresponded with season available N (initial available N plus available N applied as CF or CR) of 545 -598 kg N ha -1 . Results demonstrated that pepper CR applied at the highest rate (16.7 -19.2 t ha -1 ), with a minimum chemical fertilization enhances crop yield and quality, with significant increments in soil quality and fertility compared to chemical fertilization.
Introduction
In agricultural areas, nutrients are removed from the soil by crop uptake, leaching and erosion (Ghosh et al., 2011) . As a result of soil degradation, chemical fertilizers (CF) have become an essential input for crop productivity in most areas of the world. In the Mediterranean region, irrigated vegetable crop production has undergone an enormous expansion over the last decades. In greenhouses, pepper is mainly grown as monocrop. Pepper crop residues (CR) (leaves, roots, sive amount of vegetable residues has been studied as an organic amendment such as wheat, mungbean, maize, straw, among others (Tejada et al., 2006; Ghosh et al., 2011) , while the use of pepper CR as a soil amendment has not been described yet, although they are produced at high quantities in countries such as China, Mexico, Turkey, Indonesia, Spain and USA (Sinsha et al., 2011) .
Soil microbial populations and enzymes are crucial in the degradation of organic compounds and for the cycling of nutrients. As a consequence, soil microbial biomass, soil enzyme activities and biochemical quotients have been used as indicators of productivity and soil quality, or potential rate of soil to decompose organic wastes, owing to their high sensitivity (Pascual et al., 1998) .
In this study, CF and pepper CR were used to cultivate broccoli. Many studies showed the highest broccoli production with an N fertilization rate ranging mainly from 224 to 558 kg N ha -1 (Dufault and Waters, 1985; Zebarth et al., 1995) , but even lower values have been found (Babik and Elkner, 2002; Belec et al., 2001) . For that, N fertilization rates recommendations must be based not only on crop production but also on crop quality and inorganic N content in soils to prevent environmental risks. Plants can take up nitrogen as nutrient in either of two forms, nitrate and ammonium, although ammonium is subject to conversion to nitrate by nitrification. Nitrate can be converted to N 2 O and lost to the atmosphere contributing to climate warming or can be easily leached through soil contaminating groundwater (Babik and Elkner, 2002; Mugwe et al., 2009 ).
According to the previous approaches, a comparative study of the development of a broccoli crop using CF or CR during two crop cycles has been carried out, with the following objectives: (1) to study the effects of fresh pepper crop residues as organic amendment on soil fertility, microbial biomass and activity compared to mineral fertilization at different application rates; (2) to assess if CR treatment affects broccoli yield and quality or crop nutritional status; (3) to determine if CR could totally or partially replace CF with positive effects on soil and crop.
Materials and Methods

Study site and experimental design
The study was located in "Campo de Cartagena", and NH 4 NO 3 to achieve N rates, and Ca and K requirements by the crop according to the local law. CR application rates (CR1, CR2 and CR3)
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were the same than for CF but applied as crop residues. The pepper residues were mechanically crushed < 2 cm and air-dried in a greenhouse. of N was applied as CF to all CR plots to guarantee initial crop requirements. Characteristics of pepper residues are shown in Table 2 . 
Soil and broccoli sampling
Two samplings per crop cycle were carried out, one before adding CR in October (S1 and S3) and the other one after broccoli harvest in February (S2 and S4).
All plots were sampled at 0-30 cm (plow layer) and 30-60 cm. Three random soil samples per plot and depth were taken, which were homogenised to obtain a composite sample. 
Analytical methods
Since physicochemical properties varied little among samplings and application rates in the first growing season, several biochemical parameters were evaluated in the second season, since they are highly sensitive and rapidly respond to changes in management practices (Pascual et al., 1998) . Soil pH and electrical conductivity (EC) were measured in deionised water (1:1 and 1:5 w/v, respectively). Particle size distribution was determined using the Robinson pipette method. (Hoeger, 1998) . Available P was measured using the Olsen method, and cation exchange capacity (CEC) by use of Ba 2+ as exchangeable cation (Roig et al., 1980) . Exchangeable Ca, Mg, Na and K were determined in the CEC extract. Available Cu, Zn, Fe and Mn were extracted using DTPA (1:2 soil-extractant ratio) (Lindsay and Norvell, 1978 et al. (1993) and NH 4 + colorimetrically according to Kandeler and Gerber (1988) Microbial biomass nitrogen (MBN) was determined using the chloroform fumigation-extraction method (Vance et al., 1987) , and measured with an automatic Analyser (Shimadzu TOC-5050A). The nonfumigated fraction was considered as soluble nitrogen (Nsol). Potentially mineralizable N (Nmin) was determined as the difference between available N after and before incubation (15 days at 60% water holding capacity and 25ºC). Urease activity was measured according to the method of Nannipieri et al. (1978) .
The activity of N-α-benzoyl-L-argininamide protease (BAA-protease) was assayed according to Bonmatí et al. (2003) . Alkaline phosphatase activity was assayed by the method of Tabatabai and Bremner (1969) . Two eco-physiological ratios were also calculated: MBN/ Nt and Nmin/Nt.
Plant tissues (pepper residues and broccoli) were oven dried and ground. Samples were incinerated at 500 ºC, then ashes were dissolved in 6N HNO 3 and analysed for Ca, Mg, Na and K, Fe, Cu, Mn and Zn by ICP-MS (7500 CE, Agilent). Nitrogen (N) was determined by Kjeldhal method (Hoeger, 1998) and total organic carbon (TOC) by combustion.
Statistical analyses
The fitting of the data to a normal distribution for all properties measured was checked with the Kolmogorov-Smirnov test. The data were submitted to one-way ANOVA to assess the differences among application rates and samplings. The separation of means was made according to Tukey's at P<0.05.
Relationships among variables were studied using 
Results
Soil physicochemical properties
There was no significant treatment effect on soil pH, EC and CEC for both cycles (data not shown). Superficial Nt showed significant differences between application rates in S2, with higher values in CR3. Nt tended to decrease between samplings in each season, but lower declines were observed in CR than in CF (Table 3) . At depth, Nt values in CF3 were significantly higher in S4 than in S3. Available N showed significant differences among application rates for for S4 at depth (with values in CR higher than in CF).
Available N showed a decreasing trend between samplings, being significant in the first cycle (in surface) and second cycle (for both depths), for all application rates (Table 3) . Available P showed, as a general trend, no significant differences between application rates or 
Soil biochemical properties
The values of MBN, Nmin and urease activity in S4 were significantly higher in CR3 than in CT and CF, while for protease activity and MBN/Nt ratio, CR3 showed higher values than CT. Alkaline phosphatase and Nmin/Nt ratio showed higher values in all CR application rates than in CT and CF application rates. Nsol did not show signifi- Different letters indicate significant differences (P < 0.05) among application rates within the same sampling. Means with no letter are not significantly different (P > 0.05). Asterisks denote significant differences between S3 and S4 within each application rate (significant at: *P < 0.05, **P < 0.01, ***P < 0.001). PNP: p-nitrophenol.
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Broccoli yield, quality and nutrients
Significant differences in yield among application rates were only found for the second cycle (Table 4) , being values for CF2, CF3 and CR higher than those of CT and CF1. Quality parameters only showed significant differences during the second season for head weight, head weight:head diameter and head weight:steam diameter, which were lower in CT, with no significant differences among CR and CF application rates (Table 4 ). In the first season, a high percentage (> 60%) of broccoli plants showed the hollow stem disorder. As a general pattern, there was no treatment effect on broccoli nutrient levels, except for Ca, Mg and K which were significantly lower in some CR application rates for the first cycle (Table 5 ).
Broccoli nutrients concentrations followed the decreasing trend N>P>K>Mg~Ca>Na>Fe>Zn>Mn>Cu. 223.6ab ± 11.9 10.57 ± 0.33 3.24 ± 0.09 21.0ab ± 0.9 68.2ab ± 2.8 9.42 ± 0.25 11.14 ± 0.39 261.6b ± 9.7 11.09 ± 0.12 3.41 ± 0.11 23.4b ± 0.8 75.6b ± 1.8 9.37 ± 0.09 11.34 ± 0.71 
Discussion
The decrease trend observed for Nt in both cycles and treatments was also observed by Melero et al. (2005) which is often the case when irrigation is used. In irrigated soils, 10 to 30 % of applied mineral nitrogen is subjected to denitrification ). We found a lower amount of available N in surface at the end of the harvest sampling compared to the initial sampling, in both cycles, for all application rates, reducing the potential leaching after harvest. Increasing nitrification rates under this management practice is supported by a positive correlation between CR application rates and NO 3 -content (r=0.61; P<0.01; Table 6 ). Increased nitrification by microbial activation is a positive factor, enhancing soil fertility, since NO 3 -can be taken up by plant roots (Scotti et al., 2015) . The available P trend in soil is towards superficial accumulation because of its low mobility and the extraction from deepest roots (Mackay et al., 1987) . In calcareous soils it is common that Caion activity in the liquid phase forms insoluble Ca-phosphate mineral phases (Tunesi et al., 1999) .
Nonetheless, organic matter addition of soil reduces P insolubilization and increase extractable P (Scotti et al., 2015) . The amount of P added as chemical fertilizer was the same in all plots, however, a significant increase for CR2 and CR3 in S2
indicates the positive effect of addition of organic material. This fact is supported by the positive correlation of available P with SOC and Nt (r=0.86 and 0.83; P<0.01, respectively; Table 6 ).
Plots where CR3 was applied showed higher MBN and microbial activity. Thus, the application of high rates of crop residues promotes the immobili- for N with cultivated plants (Gros and Dominguez, 1992) , did not affect broccoli yield or quality parameters. Decreases in Nsol can be also associated to soil leaching, since NO 3 -is not retained by soil colloids in neutral/basic soils and rapidly moves with water (Mugwe et al., 2009) .
With regard to the use of inorganic fertilizers, there are evidences that the presence of available nutrients as inorganic forms inhibits the synthesis of soil enzymes (Olander and Vitousek, 2000) . Dick et al. (1988) observed a decrease in urease activity with increasing inputs of ammonia-based N fertilizer; nonetheless, we did not find decreases in this activity with addition Although most nutrients were not affected by treatments, the highest application rates of CR maintained high levels of soil K, Mg, Zn and Mn.
The high content of these nutrients in the pepper residue (Table 2 ) could explain these increments, which were released after microbial mineralization. The fact that pepper residues had high content of Fe, but no significant increase in soil with CR application rates was observed, may be due to rapid precipitation and immobilization of this nutrient in alkaline environments (Ylivainio, 2010) .
Concentrations of Zn, Fe and Mn were correlated
with SOC and Nt (r>0.76; P<0.01). This could be attributed to the fact that an important exchangeable fraction of these nutrients is adsorbed by soil organic matter (Acosta et al., 2011) .
The absence of differences in broccoli yield, quality and nutrients content with treatments in the first cycle was expected due to residual fertility, as consequence of an excessive previous fertilization. Nonetheless, with a second crop cycle, it was possible to distinguish treatments and rate effects, with CR3 and CF3 supporting the highest yield.
Yield was enhanced in the second cycle with increasing levels of CF rates; similar results were previously reported (Zebarth et al., 1995; Babik and Elkner, 2002) . However, other authors (Belec et al., 2001; Thompson et al., 2002) Furthermore, mineral content (N, P, K, Mg, Na, Fe, Mn, and Cu) levels were within or even higher than sufficiency range for broccoli reported by Hanlon and Hochmuth (2000) . In addition, the nutrient content trend observed in this study was also observed by Llona and Faz (2006) 
